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G448 AIRFPORT RO
cIL Refe: 3076
BRAMPTON ONTARID LAS4S Reviston; ¢ FMEA Rey: 0

SyEtHn: SRMS
Bubsystem: ELECTRICAL SUB-SYETEM
Axsembly Dasc; Servo Power Amplifier

Fart Number{g): S5!14QF1177-3 S1140F 11775
hem:
Funztice: Mot Orive Amplifier Assamiply Prindes mator voliage based on demand from BChometer slectiorecs,

l:qmm the motor drive voltage. Prevides hardware cumrent limting, brake
drive, direct drive functions and enables backup dmee, Frovides BITE sireuits end

BITE werife=ation for MDA
Failurs Made: | 055 of or comupt commutation.
HW Func. Screen Failiures
Criticality: 2 1R
Missicn Fhaza: Crblt

Causs{x|: Maor Drive Amplifier Assambly CoOMMLLIHON PATLAIT: Jenarator kajic fojmd.

Commutzior dirsction g TE_DIRT failn high or low.
, Ermoneous cOmmuation disdtion.

Excessive voliags spphed 16 commetaten bridge,
Lovses of MDA srisbla (n computer suppofied modes.
Lexis of MDA armibia in Direct Drive,

Loss of com of + 1200 bridpa suppliss.
. Lot af or srronems e mutsior daty,
Laets oof voltere at ther meder termsinals.
O bridga swikth faily opan or closad.
Failure affect on
unktiand item:

Degraded or ¢35 of mater Lonque in eamputer supported and direst drive modes, Comguier Supportad modes. are kst Diatt Drive moda noay
ba lost. Commutator BITE will deteet If rommutator dete is compt. MDA, demand voltaga switeh BITE wil detect ¥ commutation of mator ia net
coneistent with COMMUIGT dutd.  Vihen brakes ans ON_ motor drive Tault detection may setect

Worst Case: Unexpacted mation. Sluggosh jeint, Aulobrakes.

Redundant Pahs; Avtobrakes (1o Safe the System).
Ciract Drive {Il Availabi).
Bagkup Drive,

etention Rationale

Denign:

The dexign ulilzes preven Sl schniguss and i Implemetied using CMOE logic devices. CMOS devices operate 3l |w power and Rente
do ot axpanenen signifcant gpanating siresses. The technology i3 mature, and device nimbilty hmtory is wall documenisd, Al stresses are
aciaitkyrally rediead by deratitg the appopriste parametens In accordance with SPAR-RME-PA.003. Simsal andiing precautions are used =t
atl stages of manufacture to pretiude Samage’siness dts 1o Mlechoostadic doage.

Comparstors and cparational ampiifiars s standard Mnear integrated SircLits with mature momufaciuning technalegy. Apphication consimints
are I Ackmgnge wih SFAR-RME-PA, 0D,
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Test:

Digcrete semicondictor devicss any specled to at laast tha TX laval of MIL.5-15500, Samples of all prooiXed |GGt rodes are 3
12 destructive pfry;lml analyais {DPA) ta vanity the inlegrity of the manulectumng processey. Particl Impact MNokse Cetacthon (PIND) sc
& prarfammaed on misrecineuits, rarster and disdes that are mourted in 4 PACckage with BN INfemal CaWty CoNStRuctmn, Tha purbete of the las

ta oelect looge particles n the package, UsUaly resuting fram the assambly process. Daves strass levels ars dessted n
SPAR-RMS-FAOD3 arvd varified by design review, 1 seeordanee wih

Eiel:l Pregrammatde Gate Arrays (FFGA's) mnd the Emar Dstection and Camsetion {EDAL) are sarmi-sustom microciicuits in which the
design fui_-lmnnaj glomenis ars deaqgrsed By the manufaciurer. The Interconnechan af these sements 15 then cusimized by Sparta prenada th
tunetieaality of the campleted mkroaireut. The cesign Uilllzes proven aircuit lechniques and |s Jmplemanted wiing CMOE werhnology. This
x!jn:og}- upﬂT:Ln;:t o lpllu;m and henca tha device doss not evparienc: sigrificant operating stresses. Tha technology £ mature, and tha

I device relimbildy is well documantad. AR siressss are additionally feducad by dersting bhe approprae rarTaters in acgond with
SPAR-RMSE-PA Q03 and verifled by dasign rmiew. ” " PRreR Fe onee

This approach ham 3 significant advantege in thet it redices the quantity of discrete parts réquired in the axsemily and aiso the compkaity
ﬂ'IEpIP'WE and reetiilts in Significant weght end voiume savings. This type of semmi-customn part hags Beet sucaersifully used tn other spece
appliratiorg.

Tha parta are quaiified to Ine requirerments of tha spplicable speciication. They are 100% screaned and bumead i fo the requirermerts of th
Spar reguirements dogument,

Resisions and capachors used in tha desipn ars colecied ffom echamsighad rolinbity (ER) bymes. Lifa axpecioncy ia increased by snaunng
that all aliowabis stress vels are derated in accordanoe with SPAR-RMS-PA DL All ceramlo and elertroiylic capackors are rodinely -
siyected ta radiographic nspaction in accordance with the requirements of MSEC-STD-355.

Transformers and indusiars e designed spacifically for the application. Thess are orckg-wound and utiise 1 famts core matedial. Choice
of wire 5o and of Insualion matenas snsune that the derating requirsments of SFAR-RMS.PA 003 are mat

The SPA board [ lbricated ueing Surface Maunt Techrolagy {SMT). This ina PYWE assembly techinoagy in which the components are
sabdensd o the solder pacs on the surface of the PWE. The sigraficant achvertags of this lechnology is n anabig the parts on the board to be
mare densely paeked, b redhuce ko overall volume and weight of tha assaiy,

The assembly procesa is highly sulomatad The parts are Moktied on e baards ing A computer sontroliad ok 20 plass™ machine, Th
subssquant soldering epdration ic performed uaing 3 belt fumace, [n which tha time and brperature thermat profle et the PYWYE AXIMMby I8
exposed i is tightty controded and oplimized to snaure proper parnt soldenng stachment. The ASEAMEtY (8 manuleciured urdar documenied
procedures and quality contrats. These comimils are exsrcised throughout the sxaambty, Inspection and teshing of 1he und. Thia inzpection
inclutes workmanghip, component mourting, stidering, and canfonmal coating fo ensurs that | iz in sccordanca with the NHB 5300 stan

Thm SMT Ine used for the 3FA FWE assembly has undsmona a fil] guaNmsation program, and aasprritling produced on this Kne am |
DR SpACE (WFAME,

The glrewit board design has been reviewed in ansure 3cequate conductor width and saparation end b confrm approprats Amensions of
sticer pads and of component hold provisions, Parts meunting methods are sontrolled in sccordance with MSFC-5T0-1544, MSFC.STD-138
ard SASD 572751, Thesd cocuments require approved MOURting metheds, siress mlisf and component segurity,

Fied Effect Tranmistors (FET3) IRFMOSS {38 through ©11) are procured and screaned in accordance with sourse sontrol docoment EVPFZ7-
102-M101. This procuramant proadure ensuras thal thege FETs have a sunimum gete sourcs voltags of 2.6

QUALIFICATION TESTS - The SPA & subjactad t2 the fallowing quaklficatien besting:
VIBRATIGN. Each aams of the OM is subjected to Flight Acceptance Wibration Test (FAVT), Qumlifcation Acceprancs Vimation Test [QAVT),
#nd Qualification Vibrstion Teste (QVT) in accordancs with the 2PA Vikrrtion Test Procedura (S38588) The jevel and duratlon for FAVT is as
par Figure & and Tabia 2 of 826584 the lavel and GURILON For GAVT is a5 par Figure 7 and Tabks 2 of B26588; the hval and duration for OWT i
=k par Figura B and Tabis of G258, At the end of the thres supcassive mndom vibration best in sach axis, both direciens [+) of sach of the
i3 i5 subjected b a ShocK pulhe test ex per Figure § of S2E5S58E
THERMALAACLUUM: GM TVAC Test m in accardance with Figure 4 ol tha SPA TVAC Test Progedurs (E2E5E5), with full
FunchionalFarametric Tes! performed st levets of +50 degrees © and <36 degmss C, and non-0perating at -5¢ degiees &, The Qualifisalinn
VAU fevels dunng TVAD i 1108 torr or ieas. The tobal teal duration is 7 172 cycles. The QM 5FA & subjected o a minimum of 1000
hours of life testing and 1000 power DIn-OFf oyeles.
EMC: The QM is sutjected to EME Testing (tests CEO/CEDR, CEQ7, CEO1, C502 CS08 REMY, R502, and RS0 in accondance with the
SRA EMC test Procedure (B26477) baced on MIL-3TD-481A.

UNIT FLIGHT ACCEPTANCE TESTS - The FM 2F4 is submciad to the fallowing accepianse estng:
VIBRATION: FM deeoptanes Vibraton Test (4vT) in addardunce with the SPA Vibration Tt Procadyurs (B265858), with level and gurstion ax

par Figure 9 and Tabk T of 8205885 ) )
THERMALAATINIIM: FM TVAC Tast is in aooerdanss with Figone § of the SPA TYAC Tewt Procedune (B25588), with levelx of +45 degrees

and -25 degrnes C for 2 durstion of 1 112 cyckes. ‘The vecuum [mvals duning Accaptance TVAGC Tast o 1X10™-5 T or ess,

JOINT SRU TESTS - Tha &PA ik tested as part of tha joints (ambnt ahd vibration tests anky. The amiienl ATP Rt B Shouldar Joint,
Elbow Joint, arad Yyrist Jaint am ae par ATP 2001, ATP 2000, and ATP 2005 respactivaly.  The vibration tast for fhe Shoukier Jomnd, and E
or Wirist Joint are ax per ATP 2002, ATP. 2004 and ATP. 2008 reapechively  Thrwugh wire funclion, continuity and sisctircal molation teots
perfarmad par TE 283, '

Prepared:
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. : MECHANICAL ARM REASSEMBLY - Tha SPA's/loinis undergo @ mechanical anm inlmgrafian stage whers elecirival chacks are performed
par TR 2007,

MECHANICAL ARM TESTING - The cutgoing splt-am is configured on the Strangback and the Manipilalar Armm Chsckout Is peTormed
per &4TF. 1932,

FLIGHT CHECKOUT: FORS OPE Checkaut (all wohigks] J25 18KE7.

Inspection;

Units: are manufietiurzd under documsnad quality contnals. Thess controds are exercised throughcut design precurement, planning,
rederdng, procassing, fabneation, assembly, testing and shippirg of the units. Mandetary inspeciion peints are emploved et variaus stages of
Fabrecalian, assembly, snd et GOWMMent Bounce insPection i Ivvoked at various eostrml lpvele

EEE parts inspestion i performad as raquired by SPAR-RMS-PA0Q3, Each EEE partia quatifed at the part level o the requirerments af tha
appiicabie specifiGation. All EEE parts am 100% scresnsd and bumed-|n, 25 2 minimum, a5 mauired by 5PAR-RMS. P2 003, by the suppdiar.
DPA s perfomed as required by PA.OOS on & randomty seleched 5% of parts, maximun 5 piecas, minimum 3 pleces [or gach (of numberidate
cooe Of pants recaived. AL cavity dovitens grg subjected tn 100% PIND. Wire i procured to spocihicaben MILSA-22759 or MLV 51354 and
irmpected and tested fo MAGA JSCMB0C0 Standard Mumber 254

Receiving Inspaction verifles that all parks recedved ars at isentifio it the recuremant documnts, that ne piyscal demage has ocourmed to
parts dunng shipment, Hhat the receiving dogumants provide 2decuate tracesblity imformation and Soreening date clearly ideniifes acoeptxois
pots.

Panis are inspected thralghout manutaciure and assembly 38 ApHroIte 1o the manutactuning stage wompieted, These inspections includs:

Prinieq ool board Inspecticn for Track Baparstion, CaMage and AceqUaty of plated through holes, comparent maunting ingpestan for
comect soldering, wire [08ging, Sirapping, st Cperstora and inapectors ars tralned and ceflified to NASA NHB 5300.4(34-1) Standard,
Lontormal coating ingpection for adeguaty procassing s perfamed using URTavlet Lght lechroques. PG, Baard insdalsian [mEpecton indludes
chacks for comesl board inctallation, tignment of bearts, proger connecior gonlagt matng, wire rouling, srapping of wires gic. Post PG,
Bzand inestal| 60 ifspettion includes clesinines and workmanship (Spangovenment rep. mandstory inspaction pairt).

Unit Pre-Acceptance Tes! itspaction, which inciudes an audi of jower tler inspection cormetian, as bullt o rihuration verificaton 1o as
design etc (mandatory inspeciion saint), A unit Test Readinese Review [TRE) which imcheste varification of test personne, test dosuments,
test equipment calibvation/validalion statws and harcware configuration &5 convened by QA n CON|UNCHoN WAN Engireesing, Rellakllity,
Canfiguration Cartred, Suppiner ws. mpplicable, and the govermment rapresertative, pricr bz the etart of any formal testing (Acceptancn or
Qualification]. Unit el Accaptance Tasting (ATP) intludes ambeent parformance, themmal and vibration testing (Sparqevamment rep.
MSAatory Wrspansion poing).

. Integration of unit o Jaint SR1 - Inspactions includs gmunding ohenks, connestors for bart r pushback conbtsets, visual, chuanlingss,
inbarocnnect wiring and power up test to the approgriate Jeint Insgection Teat Procadurs (ITP). Joint level Pre-dcceptance Teat |nspectian,
inciudes an audit of Iower ter Inspection eompletion, 2 buill eonliguration verfication o a5 daeign ¢, Joink lavel Accaptanee Taating (ATP|
irclcee. Arribrant and vibration testing (Spangovernment rep. mandstary inspecticn point).

Mechanical Arm Raassamity - the integration of mechanical arm subsesemblies bo form the assembled urm. Inapaclicns ars parformed at
wirch pha af mtagration which includes elegirical checis, through wiring chacks, wiTing mUting, interface aanneetars fof bert o pughbaek
eontscie ot Mechanical Arm Testing - Strangback and flat Aest ambiart parfermanca best (Spargevemment rep, Mandglory inspection paints.

OMRSD Offline: Fower.up arm. Cheek svailabdity of Computer Supparted moges. Seiect Divect Driva and with Brakes OFF verify no ABE commiunication
faitures of BITE erors.

DMRSD Online Mone.
Installakh:

@MRS0 Chline  Power.up arm. Gheck dvailability of Computer Supparied moces. Salect Direct Dirive and with Brakes OFF verity ao ARE commurdcatian
Turmaround: falures or BITE ermors.

Scrasn Fadure; A; Pass
8 Pass
C. Pass

Craw Traiming: Tha criwy will e tTained 0 3ways SEearys wihather Te 3 & resoending Sropel 1o commands. |f it et apply brakes.
Lrew Acllon: Setect Direct Ortve it avallapie. 7 (/T not avallabie selest Back-a0 Drive, Jinghe/Direct Drive switch should ke pulsad to maintain propes miss.

merational Effect: Cannat vse Compatar Supparted modes. Cirect Crive may not ba mnl:lt Autobraken  Back-up is avaitabie. Arm will not Siog sutomabically i
failry of the autetsslor gyalom oy pravieusly ecumed. Brakes can be appled marualy.

Mizsion Ciperste under vernier rabes within appessmetaly 10 # of sbuciure. The operstor musl be able 1o detect that the arm ia reaponding propgrlytn
Consrants: cCommands Wa wandow angor ST views during all amm Ooerations., A UKD (rRjacionss must De gesigned bo oome no st Bhan aponodmatedy
5t from =ructure.

pravals:
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P edimbity Melgaard, Lerw ! EPAR.BRAMPTON Feliabdlity Englreer 550 DEMares Sigred
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